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Scheduling of Irrigation for Summer Peanuts’ 
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ABSTRACT 

Field experiments were carried out to study the effect of mois- 
ture stress on peanut (Aracbis Hypogaea L.) erect variety ‘SB XI’ 
in relation to amount of irrigation and IW/CPE ratio for mnsecu- 
tive two years of 1975 and 1976. IWlCPE denotes the ratio be- 
tween a fixed amount of irrigation water (IW) and cumulative pan 
evaporation from US Weather Bureau Class A Open Pan less 
rainfall since previous irrigation (Pan E). Yield and 100 kernels 
weight were significantly influenced by both amount ofirrigation 
and IW/CPE ratio. Maximum yield was obtained when irrigation 
was given with 6 cm water at 0.75 IW/CPE ratio. 
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In India peanuts constitute nearly 50 per cent of the 
total oil seed area having an estimated oilseed and edible 
oil production of 67 and 59 per cent, respectively. They 
are grown mainly as a dryland crop. Summer season crop- 
ping with irrigation is now receiving attention as it gives 
increased pod yield and oil content (12). 

Subramaniam et al. (16) observed that irrigation in- 
creased the yield and thereby water-use efficiency. Klep- 
per (6) reported a reduction in pod yield in the tune of 50 
per cent when the crop suffered moisture stress during 
peak flowering (50-80 days), the most moisture sensitive 
period. Su and Lu (15) observed the critical period of 
water deficiency at the peak of flowering and early fruiting 
in sandy soil. Bhan (1) found the stages of pegging down 
and pod filling to be highly susceptible to moisture stress. 

‘Contribution fiom the Soil Science Section, Depart- 
ment of Agricultural Engineering, Indian Institute of 
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Water deficit depresses the economic yield much more 
during pod formation and maturity than during other 
periods (7). Matlock et d. (9) obtained the maximum 
yields of peanuts in Oklahoma State by irrigating when 
the soil moisture tension was 1 atmosphere. Stansell etal. 
(14) reported that pod yield and quality were significantly 
reduced in treatments receiving less than about 30 cm of 
water during the growing season and observed an in- 
crease as irrigation amounts increased fiom 40 to about 60 
cm. Studies by Mantell and Goldin (8) showed that 
peanuts produced best results when the top 60 cm of soil 
was wet by each irrigation. All these studies emphasize 
the importance of the timing of irrigation to minimize 
moisture stress, quantity of water per irrigation and the 
optimum total amount of water to be added. 

In order to study these factors, an experiment was con- 
ducted to find out an irrigation schedule for summer 
peanuts under the given agro-climatic condition in the 
sandy loam lateritic soil of Kharagpur, India using IW/ 
CPE ratios with different amounts of irrigation. A mod- 
ified meteorological approach based on the ratio between 
irrigation water (IW) and cumulative pan evaporation 
(CPE) as a practical guide for scheduling irrigation has 
been in use in recent years. The ratio will vary with the lo- 
cation and crop type. The method was first proposed at 
Washington State University (3) and was introduced for 
irrigation scheduling in India a decade ago. 

Materials and Methods 
The experiment was conducted at the Agricultural Engineering De- 
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partment Farm, Indian Institute of Technology, Kharagpur, India dur- 
ing the two summer seasons, April to July, 1975 and 1976 with erect 
peanut variety ‘SB XI’. 

The experimental soil is lateritic (ultisols, pH 5.8) sandy loam; organic 
carbon, total nitrogen, available P, exchangeable K were 0.38, 0.054, 
0.0005 and 0.101 per cent, respectively. The CEC was 6.5 meq/100 gm 
and electrical conductivity was 84.9 x mmohs/cm. The meteorologi- 
cal data during the period of experimentation are presented in Table 1. 

The experiments consisted of three amounts of irrigation viz., 2,4  and 
6 cm and four IW/CPE ratios of 0.45,O. 60,O. 75 and 0.90. They formed 
12 treatment combinations which were replicated thrice in randomized 
block design. The crop was supplied uniformly with 20:60:40 kgha of N, 
P20, and K,O through urea, single super phosphate and muriate of 
potash, respectively and given the same management practices. All the 
fertilizers were applied at the time of planting. The three levels of irriga- 
tion following four different IW/CPE ratio were maintained by record- 
ing daily evaporation loss from the US open pan evaporimeter observa- 
tions. Measured quantity of water was applied using a water meter. 
Selected healthy kernels were hand sown at a spacing of 30 cm x 15 cm. 

time there was no harmful effect of aeration due to soil sat- 
uration. Consequently, it gave the maximum yield. 

The irrigation amount of 6 cm (Table 2) produced sig- 
nificantly highest yield as compared to the 2 and 4 cm 
amount of irrigation. A majority of the root system of 
peanuts are generally found in the top 60 cm of soil. The 
roots have also been observed to develop 150 cm deep in 
sandy loam soil (8). Growth and fruiting occur primarily 
during periods when soil moisture is optimum in this ef- 
fective zone. For maximum potential yield, soil depth 
beyond 60 cm depth should be wet with water (4). In the 
present investigation, in order to make the moisture op- 
timum in the effective root zone and beyond, 6 cm net ir- 
rigation (which is closer to the storage capacity of 60 cm 
depth of soil, Table 3) would therefore be a reasonably 
better irrigation amount than 2 and 4 cm. Pande etal. (11) 
also reported the highest yield of peanut with IW/CPE 
ratio of 0.8 and 6.0 cm irrigation depth. 

The number of irrigations and the total amount of irri- 
gation water corresponding to different amounts of irriga- 
tion and IW/CPE ratios is reported in Table 4. The water- 
use efficiency was calculated as the quantity (in kg) of pod 
produced per ha-cm of water used. Irrigating with 4 cm 
amounts of water at 0.45 IW/CPE ratio gave the highest 
water-use efficiency followed by irrigation with 6 cm 
amounts at 0.75 and 0.45 ratio. The latter two combina- 
tions are statistically equal. The higher ratios of 0.90 and 
1.00 have proved to be inferior in terms of water-use effi- 
ciency. It directly indicates that frequent irrigation is 
both wasteful of water and nutrients. Under moisture de- 
ficient regimes, even relatively small increments of water 
added to the soil or reduced water losses may have 
marked effects on yield of peanuts, which is very respon- 
sive to moisture condition. Though the actual yield under 
such situations may not be high, the yield increase may be 
disproportionately larger than the water that is used, so 
that water-use efficiency will be improved. This might be 
the possible explanation for the high water-use efficiency 
at 4 cm amount of irrigation water and IW/CPE = 0.45. 

Results and Discussion 
It is evident from Table 2 that ofthe four IW/CPE ratios 

studied, the yield of crop was significantly higher under 
IW/CPE ratio of 0.75 as compared to 0.45, 0.60 and 0.90 
ratios in both the years. Yield reduction in the treatments 
with lower ratios is because of stress the crop had suf- 
fered. As inadequate supply of soil moisture has an ad- 
verse effect on productivity, the same was true of excess 
moisture (0.90 ratio). Lack of oxygen resulting from ex- 
tended saturation condition reduced nitrogen fixation and 
aeration. Conclusive evidence exists that rhizobial bac- 
teria are required by peanut for desirable growth (13). 
There is also a likelihood that excess irrigation water ap- 
plied to this type of light soil might have reduced the ef- 
fectiveness of fertilizer by leaching soil nutrients below 
the effective root zone. With an increase in number of ir- 
rigation the nutrient uptake may also be reduced due to 
poor root aeration (5). The 0.75 ratio provided the crop 
with adequate moisture to carry on evapo-transipiration 
at the reasonable rate throughout the crop cycle. Mois- 
ture regime at this ratio might have also been conducive 
for efficient utilization of nutrient ions and at the same 

Table 1. Weekly rainfall, evaporation loss (US W B  Class A pan evaporimeter) and variation in maximum and minimum air temperature and 
relative humidity. 

T ture. OC R e l a t i v e  humldity,per cent  Evaporat ion,m Ralnfal1,mm 
Months Weeks 19rera 1976 1975 1 9 7 6  1975 1976 1975 1976 

Max Min Max Mln Max Mln Max Min 

Aprfl I 
11 
I11 
IV 

34 09 
42.6 
43 01 
41.9 

26.9 35.2 
29.0 38.1 
29.5 38.8 
28.4 34.6 

23.6 96.4 
23.4 98.3 
24.2 97.2 
23.7 96.2 

34.6 86.1 
3505 97.0 
36.9 90.0 
4404 93.7 

30 04 
22.0 
23 07 
45-0 

~ ~~~ 

7 043 
10.97 
8.89 
9.27 

- 
11.9 
13.0 
40.5 

3 -1 
0.3 
2.8 
1.5 

I 

IT1 
IV 
V 

May I1 
38 03 
40.2 
41 07 
35 09 
38.2 

27.8 38.9 
26.1 37.4 
26.8 35.1 
25.2 36.9 
26.1 38.7 

25.9 94.6 
25.7 88.9 
23.9 86.1 
25.0 8509 
26.3 91.3 

60.6 91.9 
29.0 84.3 
43.0 82.9 
45.3 83.1 
43.6 89.8 

24.0 
44.0 
38.0 
38 07 
33 04 

7 054 
8.51 

8.04 
8 857 

10z57 

9 050 
7.60 
9.20 
8.20 
9 010 

0.2 
1.4 

12.3 
I 

- 

I 

19.3 - 
I 

10.6 

June I 
I1 
I11 
IV 

38 00 
36.1 
35 05 
32.5 

27.2. 38.9 
2803 34.6 
28.4 34.2 
25.1 33.4 

26.5 85.9 
26.1 92.9 
24.6 91.6 
26.1 94.4 

42.1 83.3 
45.9 88.4 
44.8 86.8 
43.4 91.0 

33 04 
45 07 
44 04 
39 01 

8.30 
7 071 
7.76 
6.97 

6.50 
8.30 
8.80 
6.80 

20.0 
2 00 

5302 

J u l y  I 
I1 
111 
IV 

33 0 1  

32.3 
31 0 1  

31 08 

25.8 32.0 
25.6 33.1 
27.8 3305 
27.4 32.9 

2584 94.5 
25.2 92.0 
25.6 77.0 
25.6 72.7 

54.0 90.7 
65.1 92.0 
58.6 91.2 
58.1 95.3 

63 00 
60.9 
6089 
62 04 

6.00 
6.57 
3.94 
9.04 

5 040 
3 m50 
3.00 
4.20 

67 03 
20.0 

15.9 
- 

- 
35 05 

43.8 
- 
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Table 2. Yield and yield attributing characters of peanut crop under varying amount of irrigation (D) and IW/CPE ratios (R) , 

Treatments 
Yield and y i e l d  attributing characters Weight of 

- kernel 
1975 1976 1975 1976 1975 1976 1975 1976 

__ ~~ ~ 

D 1 ( e c m )  16.97 19.49 14.98 17.06 75.90 75.01 18.87 20.17 

D 2 ( 4 c m )  18.16 20.80 16.12 18.16 75.97 75.03 19.00 n.46 

D 3 ( 6 m )  21.07 24.01 18.57 20.72 75.89 74.85 18.61 21.05 

Table 3. Moisture storage and physical characteristics of experimental soil. 

Mechanical composition Bulk Moisture reten- Available Moisture 
Depth ( per cent 1 density t i o n  value molsture s to rage  

( per c e n t )  capacity (cumulative) 
2 m b I L b L €  n cpl 

0-20 65.07 18.33 15.70 1.55 14.29 5081 8.48 2.63 

20-40 59.35 20.94 19.63 1.62 15.23 7.70 7.53 4.92 

40-60 56.70 21.00 22.26 1.50 15.80 8.35 7.45 7 015 

60-80 56.70 18.00 25.26 1.48 16.00 8.21 7.79 9 046 

80-100 53046 15.87 30.39 1.40 17.21 9.92 7.29 11 050 

100-120 51046 15.87 32.39 1.40 17.25 10.63 7.12 13 049 

There are instances in which the highest efficiencies of 
water-use is reached at a point considerably below the po- 
tential evapotranspiration. The maximum efficiency of 
water-use could occur even at about 90 per cent of 
maximum yield (2). This calls for research on the most ef- 
fective utilization of limited water supply and study on 
economics of peanut production. 

Summary and Conclusions 

From the experimental result it may be inferred that in 
the prevailing agro-climatic conditions, peanut variety 

'SB XI' can be successfully grown during the summer 
months with irrigation scheduled at IW/CPE ratio of 0.75 
with each irrigation of 6 cm depth. This combination will 
produce the maximum yield potential of peanuts. Follow- 
ing this practice, pod yield of about 20.19 and 21.85 quin- 
tals per hectare could be harvested with shelling percen- 
tage of 76 and water-use efficiency to the extent of 57 and 
59 kg/ha-cm in the year 1975 and 1976, respectively. Al- 
most similar water-use efficiency was also obtained with 
0.45 ratio with 6 cm irrigation depth, but the latter did not 
compare with 0.75 ratio since it could not realize the op- 
timum yield potential of peanut. 
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Table 2. Yield and yield attributing characters of peanut crop under varying amount of irrigation (D) and IW/CPE ratios (8).

Treatments
Yield and yield attributing characters Weight of

Weight of pods Pod yield, Shelling per- 100 kernels,
per plant,

q ha-l
centage g

g per cent
kernel

1975 1976 1975 1976 1975 1976 1975 1976

Amounts of irrigation(D)

D1 ( i em ) 16.97 19.49 14.98 17.06 75.90 75.01 18.87 20.17

D2 ( 4 em ) 18.16 20.80 16.12 18.14 75.97 75.03 19.00 21.46

D3 ( 6 em ) 21.(17 24.01 18.57 20.72 75.89 74.85 18.61 21.05

5.BIn + 0.224 0.581 0.194 0.679 0.334 0.163 0.138 0.852
L.S.n:CP=-0.05) 0.658 1.703 0.569 1.991 1.009 0.478 0.404 2.499
L.5.n. (P=-0.01) 0.895 2.315 0.773 2.7rfl 1.372 0.849 0.549 3.397

IW!CPI ratiQsCR)

R1 ( 0.45 ) 17.08 19.63 15.06 17.41 75.46 74.62 18.39 19.70

R2 ( 0.60) 18.50 21.03 16.31 18.42 75.92 75.13 18.40 20.39

R3 ( 0.75 ) 20.25 23.10 17.85 19.96 75.85 75.11 19.50 21.98

R4 ( 0.90 ) 19.12 21.98 17.41 18.77 76.47 74.99 18.91 21.50

S.Em + 0.259 0.670 0.224 0.784 0.397 0.188 0.276 0.984
L.8 .n:(P=-0.05) 0.760 1.967 0.656 2.299 1.165 0.551 0.808 2.886
L.5 .D • (P=-O. 01) 1.034 2.673 0.329 3.125 1.584 0.749 1.110 3.922

Table 3. Moisture storage and physical characteristics ofexperimental soil.

Mechanical composition Bulk Moisture reten- Available Moisture
Depth ( per cent ) density tioD value moisture storage

( per cent) capacity (cumulative)
em Sand Silt Clay glee 1/3 bar 15 bar per cent em
0-20 65.(17 18.33 15.70 1.55 14.29 5.81 8.48 2.63

20-40 59.35 20.94 19.63 1.62 15.23 7.70 7.53 4.92

40-60 56.70 21.00 22.26 1.50 15.80 8.35 7.45 7.15

60-80 56.70 18.00 25.26 1.48 16.00 8.21 7.79 9.46

80-100 53.46 15.87 30.39 1.40 17.21 9.92 7.29 11.50

100-120 51.46 15.87 32.39 1.40 17.~5 10.63 7.12 13.49

There are instances in which the highest efficiencies of
water-use is reached at a point conSiderably below the po­
tential evapotranspiration. The maximum efficiency of
water-use could occur even at about 90 per cent of
maximum yield (2). This calls for research on the most ef­
fective utilization of limited water supply and study on
economics of peanut production.

Summary and Conclusions

From the experimental result it may be inferred that in
the preVailing agro-climatic conditions, peanut variety

'SB XI' can be successfully grown during the summer
months with irrigation scheduled at IW/CPE ratio ofO. 75
with each irrigation of6 em depth. This combination will
produce the maximum yield potential ofpeanuts. Follow­
ing this practice, pod yield ofabout 20.19 and 21.85 quin­
tals per hectare could be harvested with shelling percen­
tage of76 and water-use efficiency to the extent of57 and
59 kglha-cm in the year 1975 and 1976, respectively. Al­
most similar water-use efficiency was also obtained with
0.45 ratio with 6 em irrigation depth, but the latter did not
compare with 0.75 ratio since it could not realize the op­
timum yield potential of peanut.
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Table 4. Number of irriwtion and water-use efficiency as influenced by varying amount of irrigation (D) and IWICPE ratios (R) 

Number of Amount of Rainfall Total amount Pod yield , Water-use 
t lons  lied thro-  crop season, applied, Treatments lrriga-  water app- during the of water ef f I c l  ency , 

ugh lrrlg- 
atlon. 

Qp cm an q ha" kg ha cm-l 
1975 1976 1975 1976 1975 1976 1975 1976 1975 1976 1975 1976 

Di 
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Table 4. Number of irrigation and water-use efficiency as influenced by varying amount of irrigation (D) and IW/CPE ratios (8)

13

Number of Amount of Rainfall Total amount Pod yield, Water-useTreatments irriga- water app- during the of water er!i ci ency,
tlons lied thro- crop season, applied ,

ugh irrig-
ation,

ha-1 ha em-Iem em an q kg
1975 1976 1975 1976 1975 1976 1975 1976 1975 1976 1975 1976

D1
1\1 6 7 12.00 14.00 12.45 14.89 24.45 28.89 13.11 15.92 53.62 55.10
R2 9 9 18.00 19.00 9.98 11.85 'Zl.98 30.55 14.73 16.66 52.64 54.00
R3 10 10 21.00 20.00 9.00 13.40 30.00 33.40 16.16 18.47 53.87 55.30
~ 11 12 22.00 24.00 10.01 9.08 32.01 33.08 15.91 17.20 49.71 52.00

D2
Rl 3 3 11.00 13.00 13.03 12.50 24.03 25.50 16.19 16.57 63.20 65.00
R2 4 6 21.00 19.00 11.00 15.44 32.00 34.44 15.83 17.91 49.46 52.00
R3 5 6 25.00 24.00 11.00 15.72 36.00 39.72 17.20 19.56 47.78 49.25
~ 6 9 31.00 34.00 13.00 12.53 44.00 46.53 16.28 18.52 37.00 39.80

D3 Rl 2 3 15.00 16.00 15.00 17.47 30.00 33.47 1.6.89 19.75 56.30 59.00
R2 4 4 22.00 25.00 14.00 13.65 36.00 38.65 18.36 20.68 51.00 53.50
R3 4 4 21.00 24.00 14.50 13.04 35.50 37.04 20.19 21.85 56.88 59.00
~ 7 7 41.00 42.00 13.01 11.64 54.01 53.64 18.84 20.60 34.88 38.40
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